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(54) LIQUID CRYSTAL DISPLAY MATERIAL AND A 
DEVICE INCORPORATING SAME 

(71) We, MATSUSHITA ELECTRIC INDUSTRIAL CO. LTD. a corpora- 
tion organized under the laws of Japan, of 1006, Oaza Kadoma, Kadoma-shi, Osaka, 
Japan, do hereby declare the invention, for which we pray that a patent may be 
granted to us, and the method by which it is to be performed, to be particularly 
described in and by the following statement: — 

The present invention relates to a liquid crystal display material and a device 
incorporating same. 

In liquid crystal display devices which lise conventional nematic liquid crystal 
material, slight scattering of light occurs when no voltage is applied across the 
material, and this phenomenon appears as a "haze". 

This light scattering occurs at the interfaces of domains formed by the nematic 
liquid crystal molecules, which domains are randomly orientated relative to each other 
♦u i- ?? te , re n ? CChaze " is present can be created by orientating substantially all 
the liquid crystal molecules perpendicular to a surface which encloses the liquid crystal 
material ^or parallel with said surface. In the former case, the liquid crystal structure is 
called the homeotropic structure and in case of the latter, the structure is termed 
Homogeneous. 

The development of the homeotropic structure is influenced by the condition of 
the surface of a substrate in contact with the liquid crystal material. 

Known nematic liquid crystal materials do not have molecular orientation strong 
enough to bring about the homeotropic orientation with all substrate surfaces 
devices^ 118 * ^ *° T ^ " ha2e " which usuaU y liquid crystal display 

For forming the homeotropic structure, there have been two methods, namely, 
treatment of the surface of a substrate plate and addition of compounds capable of 
controlling molecular orientation. Examples of these methods are as follows: 



(1) 

(2) 
(3) 



Method which comprises adding to the nematic material additives capable of 
controlling the molecular orientation thereof. (For example, dodecyltrimethyl 
ammonium bromide, cetyl esters of gallic add, etc. are added.) 
Method which comprises coating lecithin and the like on a glass substrate 
plate. ° 

Method which comprises treating the surface of glass substrate plate with a 
dichromic acid and sulfuric acid mixed solution, hydrofluoric acid, etc. 
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(4) Method which comprises providing evaporated film of a metal oxide, a metal 
fluoride, etc. on a glass substrate plate. 

According to the surface treatments such as treatment of the method (3) and 
formation of the evaporated film of the method (4), it is difficult to orientate strongly 
the liquid crystal molecules homeotropically and even if the homeotropic structure is 
formed, it has low stability. On the other hand, when additives capable of controlling 
the molecular orientation are added as in the method (1) and the surface treatment 
of method (2), homeotropic structure of high stability can be obtained. 

As the additives capable of controlling the molecular orientation, substances 
having a specific molecular type are chosen. 

1 In A ms i nstance > there are wo alternatives depending upon the surface of substrate 
plate. According to one of them, the homeotropic structure is formed with anv untreated 
surface and according to the other of them, a homeotropic structure having a high 
stability is formed in contact with a treated polar surface. 
15 These additives characteristically have a long alky] chain and a polar group for 15 

adsorption on to the surface at one end of the molecule. 

The polar group of these additives is preferentially adsorbed on to the surface 
which encloses the liquid crystal to form an adsorbed molecularly-orientated mono- 
™ v yef ^ mono-layer imparts a perpendicular orientation to the adjacent layer of 

liquid crystal molecules. The liquid crystal molecules are kept parallel with each 20 
other by intermolecular interaction with the long alkvl chains of the adsorbed layer and 
as the result the liquid crystal molecules are made" stably perpendicular to the inter- 
lace. As the terminal polar group, a hydroxy! group, carboxyl group, carbonyi group, 
quaternanzed nitrogen atom, sulfonic acid group or phosphoric acid group may be 
25 chosen for example. At least one terminal polar group should be present. When at 25 

least one polar terminal group is connected directly to a cyclic hydrocarbon nucleus 
the perpendicular orientation is easily brought about or becomes stable. 

In general, a liquid crystal display device comprises flat glass plates on either side 
0 V l ^ md cr y s . tal , Iav <*. Electrode material such as a transparent metal oxide or a 
30 reflective metal is placed on the surface of each said glass plate. 30 

These flat glass plates are usually kept parallel to each other and spaced bv an 
extremely narrow interval of several « to several ten n and they are required to be 
highly planar. For this purpose, float glasses are used or the surface of a glass substrate 
is optically polished. Some of the polishing procedures result in local scratches havine 
a certain direction on the glass plate, due to which the orientation of the liquid crystal 35 
molecules is locally disturbed. After all, the liquid crvstal composition is in contact with 
the surfaces of the substrate plates which enclose said composition and the surfaces of 
the electrode material on the substrate plates. In general, liquid crystal molecules placed 
on the polar surface of the electrode material are apt to become perpendicularly 
oriented, but conventionally it has been difficult to produce a uniform homeotropic 
orientation on the surface of the glass substrate plate because it depends upon the 
precise treatment each part has locally received. This difficulty may arise even when 
compounds capable of controlling the orientation of molecules are added 

Such being the case, it has been difficult to obtain a liquid crystal display device 
45 having no "haze" across its whole area. P y 

„. m J he i Pr ^ ent inv , ention Provides a liquid crystal display material comprising a 

rZnHcV ,qU,d FT n matCrial an ? at IeaSt one additive from typesof com- 

pounds having the following general formulae: 
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W /r-^ ° 4 -)>t^v (is) 

(16) Cn) 

0») R 2 HP0 4 

and ethyl groups &ttZ££^£S££ and < 18 > ' s iron, methyl 

moleSe? COmP ° UndS W ° f control,in S ™emation of liquid crystal 

liquid^^ 

interposed between two ela« L ed above > ^ material being 

covered at least In p a n whh a S ? film "35^5 ""J™ 1 ™ lface ° f 63011 P ,ate bei 4 
parent and any remaininT mter^ nl« e,e " rod i at . ,ea « one electrode being trans- 
it, chemical ^^^S^L^^^^J^ 8 7 eIectrode ^ Reeled 
evaporated film. treaunent or bein 8 provided w«h an electrically insulating vacuum 

follow^ SSLS-StaST addll,VeS affCCt ^ Onentation is ilIu *™ed ^ the 

^-ter^^^^ JL"-* obtained ^en a liquid 

surfaces were untreated lnv ««ion was mserted between enclosing plates whose 

presentTnvention 3 ** i,luSt ' ations of a ^ crystal display device obtained using the 

each of rto7pt£a£^ evaporated film 2 was provided on 

each other at an mZvT^^^^^^P^ were kep? parallel to 
nejnatic liquid crystal containing atemly welXTone t C h ° mP £ Sing f ° llowin S 
° W As Wa me n nemat and , ™£&^<££f* 

equal weight ratio was use? ^-P^ybenzylidene-p-n-pentyianiline in 

r A t ^ ? dditives incorporated were as follows: 
lAj iorbitan compounds 

(1) Sorbitan monolaurate 



H2 C^ 0 ^CHOI 2 OCrtHjho C« 3 
CHOH 



(2) Sorbitan monopalmitate 



0 0 
*lf N CHCH 2 0?{CII 2 h 4 CH3 
HOHC ^.CHOH 
CHOH 



(3) Sorbitan monostearate 



«7j^ N pttH 2 0t(CH 2 J 16 t» J 



none 1 Jmn 

CHOH 
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(4) Sorbitan monooleate 



8 0 
«2j N WCtt 2 o!(Dl2l7CH-CH(CH2) 7 CH3 



CHOH 



(5) Sorbitan dilaurate 



"0 



CHCHjOCQff^^ 

CH0C0(CK2>|0CH3 
CHOH 



(6) Sorbitan dipalmitate 

H 2 C /Bn C«CH20C0(CH^uCH 3 
CHOH 



H0hI x /CHDC0|CH^lfcCB3 



(7) Sorbitan distearate 



HjT ^CHCH20C0(CH 2 Ji6C8 3 



(8) Sorbitan dioleate 



H2j V WOl20Cfl{Dl2)7CH=€H«CH2J 7 CH3 

»HC X /CHflC0(CH2)7CH=CH(CH2) 7 €» 3 
CHOH 



(9) Sorbitan trflaurate 



(10) Sorbitan tripa Imitate 



»2j aCH 2 0CO(CH 2 ii 0 C»3 

»OHC x ^XH0C0{ffl2)lDCH3 
d»CO|Ol2hoCH3 



H2C aCH 2 0C0fC»2)Kaf3 
HWt / CH0D>fD»2)K tt 3 
CH0CO(CH 2 h; CH3 



Cll) Sorbitan tristearate 



H 2 : ^CHCH2ttC0(CH2)lSCH3 

Htffll / CH0C0|CH2)16CH3 
CHK0ftH 2 )i6CH3 
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(12) Sorbiran trioleate 



*}C CHOl20ftJfCH2)7CH=CHfCH2)7CH3 

BOHC CH0CQ(CH2)7CH=CH(CH2)7CH 3 
«0C0(CH2)7CH'CHrCH2)7CH3 



[B] Sorbide compounds 

(1) Sorbide monolaurate 



HjC^ Jh — CH0CQ(CH2flCH3 



(2) Sorbide monopalmitate 



"tf^— CHK0(C«2)hCH3 



(3 Sorbide monostearate 



10 (4) Sorbide monooleate 



[C] Glycerol ester compounds 
(1)) Glycerol-a-monolaurate 

CH 2 OCO(CH 8 )ioCH s 

CHOH 

CH 2 OH 



15 (2) Glycerol-a-monopalmitate 

CHjOCOCCHO^CH, 

CHOH 
I 

CHjOH 



(3) Glycerol-a-monooleate 



CH 2 OCO(CH 2 ) T CH=CH(CH l ) I CH s 

CHOH 

CH 2 OH 
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(4) Glycerol-«-monostearate 

CH 2 OCO(CH 2 ) l6 CH 3 

CHOH 
I 

CH,OH 

(5) Glycerol-o,</-dilaurate 

CH,OCO(CH 2 ), 0 CH 3 
CHOH 

CH 2 OCO(CH 2 ),.,CH 3 

(6) Glycerol-a,a'-dipalmitate 

CH 2 OCO(CH 2 ) 14 CH 3 5 

CHOH 
I 

CH 2 OCO(CH 2 ) 14 CH 3 

(7) Glycerol-«,a'-distearate 

CH 2 OCO(CH 2 ), e CH 3 

CHOH 
I 

CH 2 OCO(CH 2 ) 10 CH 3 

(8) Glycerol-o,a'-dioleate 

CH 2 OCO (CH 2 ),CH=CH(CHo) ? CH 3 
10 | 10 

CHOH 
I 

CH 2 OCO(CH 2 ),CH=CH(CH 2 )-CH 3 

[D] N-acyl sarcosine compounds 

(1) N-lauroylsarcosine 

CH 3 (CH 2 ) n CO . N . COOH 
CH 3 

(2) N-lauroylsarcosinc sodium salt 

15 CH 3 (CH 2 )„CO. N.COONa 

I 15 

CH 3 

(3) N-Olcoylsarcosine 

CH 3 (CH 2 ) 7 CH=CH(CH 2 ) r CO . N . COOH 

CH 3 

[E] Oxyethylenealklaminc compounds 
( 1 ) Hydroxyethylenedodecylamine 

20 CH 3 (CH 2 ), 1 NHCH 2 CH 2 OH 20 
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(2) Hydroxyethylenehcxadecylamine 

CH 3 (CH 2 ) 15 NHCH 2 CH 2 OH 

(3) Hydroxyethyleneoctadecylamine 

CH 3 (CH 2 ) 1; NHCH 2 CH 2 OH 
5 [F] Alkylbenzenesulfonic acid compounds 

(1) Normal dodecylbenzenesulfonic acid 

(2) Normal sodium dodecylbenzenesulfonate 

n-«3(CH2)n-^^-S03llQ 
10 ( 3 ) Normal cetylbenzenesulfonic acid 

[G] Quaternary ammonium salt compounds 
(1) Didodecyldimethyl ammonium bromide 

CH 3 
CH 3 (CH 2 ) 13 | 

>N . Br 
CH 3 (CH 2 ),, | 

CH 3 

15 (2) Dioctadecyldimethyl ammonium bromide 

CH 3 
CH 3 (CH 2 ) 17 j 

>N . Br 
CH 3 (CH 2 ) 17 ; 

CH 3 

(3) Didodecyldiethyl ammonium chloride 

C 2 H a 
CH,(CH0» | 

>N.CI 

CH,(CH t )n I 

C 2 H 5 

(4) Laur>'lbenzyltrimethyl ammonium chloride 

20 CH3CCH2hi-^3" CH2,,+ Pi3 * Cr 

(5) Laurylbenzyl trimethyl ammonium iodide. 
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(6) Cetylbenzyltrimethyl ammonium chloride 

(7) Laurylbenzyltriethyl ammonium chloride 

^ (8) Lauryldimethylbenzyl ammonium chloride 5 

(9) Cetyldimethylbenzyl ammonium chloride 

Wis J* 

(10) Lauroylcholine chloride 

10 H 3 C(CH 2 )i 0 COOCH 2 CH 2 (a)N(CH3)s 10 

(11) Palmitoylcholine chloride 

H»C(C3I 2 ) J4 COOai 2 CH 2 (a)N(CH 3 )3 

(12) Stearoylcholine chloride 

H s C(CH 2 ) la COOCH 2 CH 2 (a)N(CH 3 )3 
15 (13) Lauroylcholine iodide 

H 3 C(CH 2 ) 10 COOCH 2 CH 2 (I)N(CH 3 ) 3 

(14) Palmitoylcholine iodide 

H 3 C(CH 2 ) 14 COOCH 2 CH 2 (I)N(CH 3 ) 3 

(15) Stearoylcholine iodide 

20 H a C(CH 2 ) lc COOCH 2 CH 2 (I)N(CH 3 ) 3 

[H] Phosphorus and phosphoric acid compounds 
(1) Tridecyl phosphite 

(CH 3 (CH,) a O) 3 P 

(2) Trilauryl phosphite 
25 (CH 3 (CH 2 ) T1 0) 3 P 

(3) Tristearyl phosphite 

(CH,(CH 2 ) l7 0) 3 P 
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(4) Trioctyl phosphate — « 

(CH 3 (CH : ) t O) 3 PO 

(5) Tridecy! phosphate 

(CH,(CH«),C» 1 PO 
5 (6) Tridodecyl phosphate 

(CH,(CH 2 )„0) 3 PO 

(7) Tristearyl phosphate 

(CH 3 (CH 2 )„0) 3 PO 

(8) Dioctyl phosphate 

10 (CH 3 (CH 2 ) r ) 2 HPO t 10 

(9) Didecyl phosphate 

(CH 3 (CH 2 ),) 2 HP0 4 

( 10) Didodecyl phosphate 

(CH 3 (CH 2 )„) 2 HP0 4 

15 (11) Dihexadecyl phosphate 15 

(CH,(CH 2 ) JS ) 2 HP0 4 

"h^wMe S/SL^ 1 ^ 3 by &»» plates had 

naze while liquid crystal layer 4 enclosed by the electrode materials had no "haze" 

20 S«Ji? SSEFLST ' ° f K Para,,d Were P-v?dSd b^ore and 

™f .Wj crystal panel in such a state that the polarizing directions were 20 
crossed, the liquid crystal layer 3 appeared light and the liquid crysoflaye? 4 append 

the j±A2BKft ^opTclucrur? 6 ^ ^ 4 «— 

showSgno^ze-^oSd SfS^S 6 ^ a ^ crystal display plate 25 

layeX^ <* -ly the liquid "crystal 

of a iL^Sf- Exan, P ,c ' expiation has been given with reference to the use 

in i iq u ld ??-^ al com P 0 »tion which comprised a nematic liquid crystal con- 

30 JESSES a L he^H enumera , ted ab ° Ve - H ™ Cver > ™ ^« « oSaX 30 

£SS£^££S%£^ 31 kaSt ° f ^ ab °- addit *« -re incorporated 

^ ntcr<*1K^^^ ^ « — d — »y 

35 The Allowing means may be employed to provide a liquid crystal disolav olate 

having no "haze" in the liquid crystal layer contacting the gla^ sm^ThaTis athS 
P ?J ent el ! Ct ^° de or a thin film metal elec&ode is provided on 4ch of S 

SSS bv saM &£LP- ^ ^ainin| surfacl orteTman tfat 

40 f^S^sSi • e, , ec ? ode 15 subjected to chemical cleaning treatment or coated with 

SLf^ . * m ™ laUD Z vacuum evaporated film. Between these two dass ^bsn^S 40 

above IZ^f a nematiC U 2 Uid Crystal """Position containfag « l£t rfS 
above enumerated additives to obtain a liquid crystal display device 

n -H^fP- *in fUm transparent elearode materials are metal oxides such as 
oxides of tin, titemum, indium cadmium, etc. (the oxides being doped I whenfnecef 

N?Pd?^A" tT C ° ndUCtiVe) 3nd 6X3,1,15168 ot mctal decHSSjSS ofS 45 
The invention will now be further illustrated in the following Examples. 



25 



45 



IDOCID: <gb. 



1455442A l_> 



10 



1,455,442 



10 



Example 1. 

Each of two glass substrate plates 1, optically polished and provided with a tin 
oxide elect roconductive thin film 2 on the surface as shown in Fig. 2, was dipped in a 
mixed cleaning solution of dichromic anhydride and sulfuric acid for one minute. 
5 A nematic liquid crystal material containing any of the additives enumerated 5 

above with respect to the device of Fig. 1 was interposed in a container composed 
of said two treated glass plates which were positioned at an interval of 10 microns. 
The nematic liquid crystal material used was the same as that used in the device of 
Fig. 1. 

10 In Fig. 2, a portion 7 of the liquid crystal layer was interposed between glass 10 

substrate plate surfaces 5 which were chemically cleaned and a portion 8 of the liquid 
crystal layer was interposed between electrode material surfaces 6. 

Regardless of the kind of additives used, the portions 7 and 8 had no "haze" and 
were homogeneously transparent. 

15 When this liquid crystal panel was placed between crossed linear polarizers and 15 

said panel was rotated, the transmitted light appeared homogeneously dark. This is 
due to the formation of the homeotropic structure at least partly caused by the additives 
used in the present invention. 

Example 2. 

20 The same liquid crystal composition as used in Example 1 was interposed between 20 

two glass plates, the surfaces of which was covered with electrically insulating vacuum 
evaporated film 9 of magnesium fluoride, on which an indium oxide vacuum evaporated 
film 10 was further provided as shown in Fig. 3. 

In this case, liquid crystal layer portion 11 was interposed between the surfaces 

25 of the magnesium fluoride vacuum evaporated film and liquid crystal layer portion 12 25 

was interposed between the surfaces of indium oxide electrode material. 

As in Example 1, the whole layer in this liquid crystal panel also had no "haze" 
and was transparent regardless of which additive was present in the liquid crystal 
material. Application of polarizers brought about the same results as those of Example 

30 1 and the whole of the liquid crystal layer had the homeotropic structure. 30 

Other suitable materials for said electrically insulating thin film are those of 
silicon oxide, aluminum oxide, barium oxide, berylium ovide, bismuth oxide, magnesium 
oxide, nickel oxide, antimony oxide, tellurium oxide, thorium oxide, zinc oxide, indium 
oxide, tin oxide, etc. 

35 . Example 3. 35 

In this Example, other nematic liquid crystal compositions than those used in 
Examples 1 and 2 were examined to obtain the same results as those in Examples 1 
and 2 and the homeotropic structure was also formed due to the additives. Typical 
examples of the other nematic materials were />-anisylidene-/>-aminophenylacetate, />- 

40 anisylidene-p-aminobenzonitrile, p-azoxyaniscle, />-ethoxy-//-n-hexanoyloxy a zo benzene 40 

and p-n-hexylbenzoic acid~p'-n-hexyloxyphenyl esters. 

Even when a small amount of an additive for controlling molecular orientation, 
such as gallic acid cetyl esters and lecithin, (said small amount being such that as would 
produce "haze" on the surface of a normal glass plate) is added to the liquid crystal 

45 material of the present invention, a liquid crystal display device in which no "haze" 45 

was present at the surface of the glass plate could be obtained by the aforesaid prior 
treatment, i.e. chemical cleaning or provision of an electrically insulating vacuum 
evaporated film. 

Other additives could be further added in such an amount as not to damage 
50 the homeotropic structure to improve other characteristics such as electrical resistance, 50 

time constant, contrast, and life. 

Liquid crystal devices exhibiting no "haze" possess useful electro-optical effects for 
display purposes. 

WHAT WE CLAIM IS :— 
" LA liquid crystal display material comprising a nematic liquid crystal material 55 

and at least one additive selected from types of compound having the following general 
formulae: 

(I) 11 (2) • (3) ■ 

C CHOH CHDC0H 
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W i»&p. O %iI0. and 

Oft) R2HPO4 

wherein R in the formulae (1)— (16) is selected from alkyl groups of 10—24 carbon 
atoms and an oleyl group, R in the formulae (17) and (18) is selected from alkyl groups 
of 4—24 carbon atoms, R' is a methyl or ethyl group and X~ is a monovalent anion. 
5 i -J ? crystal display material according to Claim 1, wherein the nematic 5 

liquid crystal material is a mixture (in equal weight ratio) of p-anisylidene-/>-n-heptyl- 
anHine' P-e^oxybenzylidene-p-n-butylaniline and p-n-propoxybenzylidene-p-n-pentyl- 

i • \^ Ji ? uid cr y stai di splay device including the liquid crystal display material 
10 clanned in claim 1, said material being interposed between two glass substrate plates, 10 

the internal surface of each plate being covered at least in part with a thin film elec- 
trode at least one electrode being transparent and any remaining internal plate surface 
having no electrode being subjected to chemical cleaning treatment or being provided 
with an electrically insulating vacuum evaporated film. 
15 .u- I', A **quid crystal display device according to claim 3, wherein the transparent 15 

thin film electrode is formed of an electroconductive layer containing an oxide of tin, 
titanium, indium or cadmium. 

* *a A * ?? U v£ ^ St * ! dis P lav device according to claim 3, wherein the electrode is 
formed of Al, Ni, Pd, Ag or Au. 

20 . , 6 \ A lic J uid vyx*! display device according to claim 3, wherein the electrically 20 

insulating evaporated film is formed of magnesium fluoride, silicon oxide, aliiminium 
oxide, barium oxide, beryhum oxide, bismuth oxide, magnesium oxide, nickel oxide, 
antimony oxide, tellurium oxide, thorium oxide, zinc oxide, indium oxide or tin oxide! 

7 A liquid crystal display material or a device containing same according to claim 
1 or claim 3 respectively, substantially as hereinbefore described with reference to 25 
1 to 3 ° r ' drawings and experimental Example or Examples 

FITZPATRICKS, 
Chartered Patent Agents, 
Warwick House, Warwick Court, London, WC1R 5DJ, and 
14 — 18, Cadogan Street, Glasgow, G2 6QW. 

which conies may be obtained. from 
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